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PREFACE
\§ |
The work described herein was performed by the SERI Quality Assurance and Standards
(QAS) Branch, Planning Applications and Impacts Division as part of Task 1092: Devel--
opment of Performance Criteria and Test Standards for Photovoltaic Systems. Gary R.
Nuss provided guidance and direction in planning the study and preparing this report.
Ronald T. Anderson, Reliability Technology Associates, was a major participant in
conducting the study and preparing the report.

The study evaluated the quality assurance and reliability activities associated with the
development, production, installation, and operation of electric power generating sys-
tems to ascertain approaches and methods appropriate for photovoltaic electric energy
systems. This report desecribes study findings and provides recommendations for estab-
lishing photovoltaic system Quality Assurance and Reliability methods.

The authors are indebted to the many organizations and individuals who willingly
provided information, documentation, and, most importantly, their time for in-depth
technical discussions on the goals, activities, and accomplishments of their respective
functions. We especially acknowledge the cooperation of Dr. Safron S. Canja, of the
Department of Energy for his time and patience in describing the DOE Fossil Energy Per-
formance Assurance Program and Fossil Energy Event Data System, offering study guid-
ance, identifying knowledgeable individuals, and for his constructive review of the draft
manuscript.

Gary R. Nuéé)hief
Quality Assurance and Standards Branch

Approved for
SOLAR ENERGY RESEARCH INSTITUTE

Jon M. Veigel, Manager Y \‘
Planning, Applications and Impacts Division
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SUMMARY

OBJECTIVE

This study was conducted to determine the techniques and practices utilized in an allied
industry (electric power generation) that might serve as a baseline for formulating Qual-
ity Assurance and Reliability (QA&R) procedures for photovoltaic solar energy systems.
The study results provide direct near-term input for establishing validation methods as
part of the SERI performance criteria and test standards development task.

DISCUSSION

The determination and demonstration of quality and reliability are essential elements in
the commercial acceptance of photovoltaic solar energy systems. Consistent achieve-
ment of satisfactory levels of quality and reliability requires that positive actions be
instituted as an integral part of system design, manufacturing, and installation. Although
QA&R program basics are well established, specific program activities are governed by
the characteristies and needs of the intended application and its functional environment.

Information and data were obtained from representatives of the utilities, architect/engi-
neer (AE) firms, manufacturers, industry associations, and others active in QA&R.
Discussion questions dealt with scope, organization, procedures, methods, effectiveness,
and terminology of practices currently being applied. Findings were reduced, organized,
and evaluated with recommendations formulated relative to the potential applicability of
specific approaches and practices to photovoltaic (PV) systems and components. Study
results, conclusions, and recommended QA&R activities for the PV program are
presented in this report. '

Reliable power has been achieved over the years by the electric power industry primarily
through the use of redundant components, subsystems, and generating units. Due to the
increased cost of replacement, operation, and maintenance, it became apparent several
years ago that the reliability of individual generating units needed significant
improvement. The practices and programs being developed and implemented by the
conventional electric power industry thus are intended to reduce costs by focusing on
increasing productivity through reduced unit downtime.

All segments of the industry are aware of the importance of QA&R and are actively
addressing QA&R. The formality, scope, and rigor of the activities vary greatly with -
each organization and its functional responsibility. The more aggressive organizations
are applying disciplined analysis methods, performing rigorous tests, preparing and
imposing Reliability, Availability, and Maintainability (RAM) specifications, performing
supplier audits and surveillance, implementing data recovery and feedback systems, and
conducting failure analyses. Many of the practices can be directly applied or readily
adapted or modified to meet the needs of the photovoltaic QA&R program.

* Utilities generally have formal QA&R departments with direct responsibility for per-
forming vendor audits and surveillance, establishing and implementing a data recovery
and feedback system, performing failure analyses, and determining requirements for
inclusion in generating unit and equipment procurement specifications. The utilities are
using, at least in part, QA&R methods to specify and control the reliability of operating
power generating units and equipment and as part of the design process for new or
replacement equipment and components.
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AE firms address reliability and quality as an integral part of the plant design and system
specification process. They direect much effort toward incorporating specific QA&R
requirements (sometimes quantitative) into their plans, drawings, and specifications.

Major hardware manufacturers generally maintain and implement a comprehensive pro-
gram with sizeable QA&R organizations and formal procedural manuals that emphasize
QA activities, but with increasing concern for reliability. Many organizations are com-

~ monly performing reliability prediction and assessment, failure mode and effect analysis
(FMEA), and design review.

The utility and trade associations, such as the Edison Electric Institute/National Electric
Reliability Council (EEI/NERC) and Electric Power Research Institute (EPRI), support
the utilities and their AE firms and manufacturers by providing research, authoritative
1nformatlon and data, definitions, procedures and guidelines, as well as providing an
essential forum for technical exchange.

In addition, DOE is ‘developing performance assurance guidelines including a Fossil
Energy Equipment Data System (FEEDS) for application to fossil energy development,
demonstration, and pilot projects. These guidelines cover reliability, maintainability,
availability, quality assurance, configuration management, life-cycle cost, and system
safety and are applicable throughout the design, construction, procurement, and opera-
tion and maintenance of complex power plants.

CONCLUSIONS AND RECOMMENDATIONS

Some specific practices and programs evaluated during the study and considered particu-
larly applicable to the PV program are:
e Ontario Hydro's specification approach and reliability program matrix

e Bonneville Power Administration's life-cycle cost (LCC)/performance approach
and surveillanae and quality survey report

Consolidated Edison's quality assurance level matrix
e Florida Power and Light's reliability methodology and unit availability report

Institute of Electrical and Eleetronic Engineers (IEEE) and EEI/NERC QA&R
definitions (selected)

e EEI/NERC, EPRI, and DOE data recovery and feedback methods (i.e., data
forms, procedures data management schemes, and output reporting formats).

Major payoffs (in terms of improved reliability) can be expected from the immediate
adaptation and implementation of certain QA&R practices (e.g., manufacturer's audits)
into the PV field test and applications programs, then following with longer range
provisions specxflcally developed or tallored to meet the needs of the broader PV
program.

Recommendations for developing an effective and viable PV QA&R program focus on:

° Adépting applicable electric power industry QA&R practices and techniques;
e Integrating QA&R initiatives currently being pursued within the PV program;

vi
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e Developing additional practices and techniques as may be necessary to augment
above;

@ Establishing a dedicated reliability data recovery and feedback system;

e Continuing improvement of the practices, techniques, and data recovery system;
and

e Continuing high level management attention.

Subsequent sections of this report expand on the results and recommendations
summarized above.

vii
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SECTION 1.0
INTRODUCTION

This study of the conventional electric power generating industry's quality assurance and
reliability practices was conducted to establish a baseline for formulating approaches,
methods, and techniques to assure the quality and long-term reliability of photovoltaic
solar energy systems. This work is part of the validation methodologies development
task of the SERI performance criteria and test standards development project (Nuss
1979). '

1.1 BACKGROUND

Widespread public acceptance of photovoltaic (PV) solar energy generating systems
requires more than the ability to produce the desired electric power economically; the
systems must continue to produce power reliably over extended periods. Over the years,
electric utilities have established a record of continuous, relatively trouble-free
service. Any alternate power source will be judged against this norm by potential cus-
tomers. Consequently, broad commercialization of PV systems depends heavily on devel-
oping and producing high quality systems, subsystems, and component hardware (and
software to some extent) that are reliable and can be economically maintained. Past
experience with hardware systems, particularly complex aerospace systems and,
recently, modern mierocomputing systems, has shown that disciplined quality assurance
and reliability control as an integral part of development and demonstration are essential
for achieving production quality and operational reliability. '

This study was performed to establish a baseline on which to formulate PV quality assur-
ance and reliability (QA&R) efforts. Because of its long history of servicing the electric
power market, the QA&R methods, standards, techniques, and procedures employed by
the conventional electric power generating industry were evaluated. Input was requested
from all segments of the industry, including operating utilities, architect-engineer (AE)
firms, power generating system and component manufacturers, utility associations (such
as the Electric Power Research Institute and the Edison Electric Institute), the
Department of Energy (DOE), and other related technical societies and trade
associations. Selected reports from DOE, conferences, symposia, technical journals,
ete., were also collected and evaluated. The information was screened and analyzed, and
recommendations were formulated, based on the findings, for developing a photovoltaic
QA&R program.

1.2 STUDY OBJECTIVE

The objective of this study was to establish a thorough understanding of the QA&R prac=
tices that the electric power generating industry found to be most effective in achieving
high hardware reliability and electric power generation system availability. The results
and recommendations of this study are intended to be used by the Solar Energy Research
Institute (SERI) as a basis for developing long-term QA&R requirements and plans for PV
power generating systems. Further, the results provide direct input into the following
near-term SERI activities that are part of the validation methodologies development task
of the PV performance criteria and test standards program:
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e Preparation of a glossary of QA&R terms applicable to solar energy systems

e Establishment of realistic QA&R testing procedures and performance standards
for solar energy systems and components

e Development of a data analysis procedure for solar energy systems' reliability,
maintainability, availability, and quality assurance measures

e Development of an efficient and useful solar energy system data recovery, analy-
sis, and feedback system

Performance of comparative reliability assessments
e Development of reliability predietion models and analysis tools

Establishment of QA&R program provisions, requirements, and validation proce-
dures. ‘ :

The study was limited to the power generating system and its components, excluding
transmission and distribution. It concentrated on nonnuclear energy driven generating
systems because the feeling was that the special safety standards imposed by government
regulations on nuclear-fueled systems are atypical of photovoltaies; however, the bounds
are not rigid. In some cases, practices originally instituted for nuclear power were later
adopted in other areas; in other cases,the nuclear practices are considered valuable for
photovoltaics.

1.3 RATIONALE FOR STUDYING THE CONVENTIONAL ELECTRIC POWER
GENERATING INDUSTRY

The decision to study the conventional electric power generation industry was prompted
by three overriding considerations: :

e The industry has developed a thorough understanding of the technical, economic,
and sociological factors of prodicing and distributing clectric power to publie
and private users. '

e Most PV energy systems will very likely interface with present electric power
generating facilities (utilities).

e If photovoltaic energy systems prove economically viable, they will eventually be
deployed on a large seale hy utilities as an alternative to nviirenewable energy
sources.

The conventional electric power generating industry has been successfully serving the
electric power needs of industry and consumers for over 75 years. In so doing they have
become knowledgeable and have gained broad experience in applying techniques,
methods, and practices designed to provide reliable, cost-effective electric power. This
experience should be invaluable as a baseline for PV energy systems and components.

Since residential and intermediate load center (ILC) PV systems, in all likelihood, will
interface with utilities and, in time, may represent a significant portion of their generat-
ing capacity, utilities necessarily will strongly influence the operating, performance, and
reliability characteristies of these systems. The use of common terminology and uniform
practices will enhance communications and minimize interface difficulties.



— o ‘ TR-784
S=Rl @

Finally, by adopting language and methods that are common to, or understandable by, the
electric power generating industry, PV energy systems will be more readily accepted and
deployed on a large scale by utilities to augment nonrenewable energy sources. '

This study provides a broad understanding of the various approaches, methods, practices,
and procedures as well as the terminology used by the different organizations and organi-
zational categories constituting the conventional electric power generating industry.
The results will lead to a more intelligent selection and application of QA&R practices
best suited for PV energy systems consistent with the nature of the electric power indus-
try.

1.4 STUDY APPROACH
The overall study approach was to:

e Attain detailed data and information through in-depth personal and telephone
interviews with representatives from the utilities, AE firms, manufacturers, and
others who are active in quality assurance and reliability

® Reduce and analyze all data and information and prepare summary findings and
. conclusions

e Review summary findings and conclusions with applicable power generating
industry representatives to assure aceuracy and completeness

e Develop recommendations for PV QA&R programs based on the findings and con-
clusions.

Table 1-1 lists the information and documentation solicited to assess the scope, depth,
organization, procedures, methods, effectiveness, and indices/terminology of the QA&R
practices currently being applied and found effective. Organizations that provided
information for the study are identified in Table 1-2. Technical discussions were held in
depth with the individuals listed in Table 1-3.

1.5 REPORT ORGANIZATION

This report is organized into four sections. Section 2.0 presents a brief deseription of the
electric power generating industry, discusses the electric power availability problem
from the standpoint of planned. and forced outages and the relationship to
equipment/component reliability, and discusses the role of the utilities, AE firms, manu-
facturers, the various trade associations (i.e., EEI/NERC and EPRI), and DOE in the
electric power generating industry. Section 3.0 presents the results of the study.
Included are summaries of the information collected and evaluated from the in-depth
interviews and telephone calls that were performed during the course of the study.
Section 4.0 presents conclusions and recommendations resulting from the study. Specific
recommendations for the makeup of a PV reliability program are provided. Definitions
and QA&R program elements and practices considered particularly applicable to the PV
program are included in Appendices A through D and Appendix E contains an annotated
bibliography of the documents collected and reviewed during the study.
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Table 1-1. INFORMATION AND DOCUMENTATION REQUESTED FOR STUDY

(1)
(2)

(3)
(4)
(5)
(6)
(1)
(8)
9

(10)

(11)

(12)
(13)

Management policy statements concerning quality assurance and reliability.

Organization, staffing, authority, and responsibilities of groups responsible for
QA&R.

Reliability, maintainability, safety program plans—general and specific.

Reliability indoctrination/training programs for management, engineers, QA&R
personnel, QC personnel, manufacturing personnel, operators, and maintenance
personnel. ~ ’

Procedures or description of methods employed in implementing reliability-oriented
activities during engineering, testing, production, installation, and operation of
systems and components.

Methods and procedures for supplier reliability control.

Documentation of data feedback system in effect within the organization and any
employed universally within the industry.

Testing methods and procedures—reliability tests, qualification tests, acceptance
tests, ete.

Identification or copies of government and/or other standards and codes that
control system reliability and safety.

Technical reports of reliability analysis, testing, operations,. research, or other
study efforts; reliability data compilations; maintainability data compilations;
life-cycle cost analyses and compiled data; availability and outage levels at
customer, etc.

Maintainence procedures, maintenance logs and forms, problem areas, ete., relative
to system operations and maintenance.

Warranty praétices—typical or standardized warranty policy.

Standard or accepted QA&R indices, terms, and definitions.

-



Table 1-2. ORGANIZATIONS FURNISHING INFORMATION

ARCHITECT-ENGINEER FIRMS TECHNICAL SOCIETIES AND INDUSTRY ASSOCIATIONS Iﬂl’
Burns and Roe, Inc., Woodbury, NY ~ Edison Electric Institute, Washington, DC _—
Gibbs % Hill, New York, NY Electric Reliability Council of Texas, San Antonio, TX 'Q”
Gilbert/Commonwealth, PA E Electric Power Research Institute, Palo Alto, CA t
GPU Service Corp., Middletown, PA Institute of Electrical and Electronic Engineers,
Kaplan & Associates Inc., Irvine, CA . New York, NY
Pickard, Lowe & Garrick, Inc., , National Electrie Reliability Counecil, Princeton, NJ

Irvine, CA
Power Technologies, Inc., UTILITIES

Schenectady, NY ,
Stearns-Roger Engineering Corp., Denver, CO Investor owned, larger than 5,000 MW (U.S.)
Stone & Webster Engineering Corp., Boston, MA . Alabama Power Co., Birmingham, AL

Carolina Power & Light Co., Raleigh, NC
Commonwealth Edison, Chicago, IL

HARDWARE MANUFACTURERS , Consolidated Edison, New York, NY
Detroit Edison, Detroit, MI
General Electric, Philadelphia, PA Florida Power & Light, Miami, FL
Hazeltine Corp., Greenlawn, NY Houston Power & Light, Houston, TX
Westinghouse Electric Corp., Pacific Gas & Electrie Co., San Francisco, CA
East Pittsburgh, PA Philadelphia Eleetric Co., Philadelphia, PA
TECHNICAL CONSULTANT ORGANIZATIONS Investor owned, less than 5,000 MW (U.S.)
American Electric Power Service Corp., Consumers Power Co., Jackson, MI
New York, NY ‘ Florida Power Corp., St. Petersburg, FL
Associated Power Analysts, Inc., Pennsylvania Power & Light Co., Allentown, PA
Bryan, TX . ‘ . San Diego Gas & Electric Co., San Diego, CA
Brown & Root, Inc., Houston, TX
TRW, Inc., McLean, VA : Other
University of Florida, Gainesville, FL '
University of Saskatchewan, Canada Bonneville Power Administration, Portland, OR

Ontario Hydro, Toronto, Ontario, Canada

GOVERNMENT AGENCIES

P8L-YL

Department of Energy, Washington, DC
NASA-Lewis Research Center, Cleveland, OH
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Table 1-3. INDIVIDUALS AND ORGANIZATIONS INTERVIEWED

J. W. Cowdery, Senior Quality Assurance Engineer, Florida Power & Light
J. E. Vessely, Director of Quality Assurance, Florida Power & Light

A. D. Cooper, Quality Engineering Manager, Westinghouse Electric
T. Soares, Quality Assurance Engineer, Westinghouse Electric
F.S. Maszk, Senior Engineer, Westinghouse Electric

H. 8. Darvin, Manager, Source Assurance, Westinghouse Electric

D. Q. Bellinger, Manager, Systems Assurance, TRW

D. Frazier, Manager, Quality Assurance, Houston Power & Light
R. Beauboef, Houston Power & Light

R. H. lveson, Program Manager, Electri¢ Powet; Research Institute

W. Lavallee, Nuclear Safety Analysis Center, Electric Power Research Institute

A. Rubio, Director, Nuclear Engineering & Operations Department,
Electric Power Research Institute

F. I. Denny, Director of Engineering, Edison Electric Institute

C. Heising, Reliability Consultant, General Electric

D. C. Purdy, Manager, Advanced Technology, Gibbs & Hill

M. F. Chamow, Manager, Power Plant Reliability, Gilbert/Commonwealth

J. A. Flynn, Reliability Engineer, Gilbert/Commonwealth

S. N. Maruvada, Senior Reliability Engineer, Gilbert/CommonweaIth

O. S. Gilkes, Senior Examiner, Quality Assurance, Consolidated Edison

E. T. Parascos, Manager, Reliability Engineering, Consolidated Edison

R. C. Rossi, Reliability Engineer, Consolidated Edison

R. J. Squires, Nuclear Reliability, Commonwealth Edison
- L. Weyers, Fossil Fuel Reliability, Commonwealth Edison

S. S. Canja, Department of Energy
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SECTION 2.0

THE ELECTRIC POWER GENERATING INDUSTRY: AN OVERVIEW

The electric power generating industry is composed of four major interrelated organiza-
tional elements:

Utilities

Architect-engineer (AE) firms

Manufacturers and suppliers

DOE and industrial trade associations (NERC, EPRI).

Figure 2-1 shows the role and relationships of these organizations. The industry's basic
objective is to supply safe and reliable electric power to the public at the lowest cost
while complying with service commissions and regulatory agencies.

The life of a large power plant exceeds 40 years, and the facility requires operational
expenditures of over $150 million/yr (ca. 1978 dollars). Figure 2-2 shows the life "eycle
and phase durations and expenditures for a typical large power plant. It shows that the
majority of life-cycle costs (LCC) is during operation and even though much of the
operational cost is fixed, a significant amount varies with operation, maintenance, and
fuel control and improvement factors. A forced outage of a major component is costly.
The total expense includes not only the cost of repair, which is sizeable, but also the cost
of replacement energy and, quite possibly, that of increased reserve generating capacity
to offset a higher generating unit outage rate because of the component failure.
Thus, Fig. 2-2 indicates that relatively small expenditures during the planning and design
phases to improve component reliability (and lower forced outage rates) would
substantially reduce expenditures during operation. The electric power industry,
recognizing this leverage, directs much effort towards improving component reliability
and overall plant performance.

There are over 300 electric utilities in the United States with a peak demand of 100 MW
or more. These utilities are investor-owned, municipal, federal, state, and district, or
cooperative systems. Figure 2-3 shows the location of the largest (greater than 5,000
MW) electric utilities in the United States in 1977. Because of the extremely large cost
of system outages, these organizations generally have the most advanced QA&R
engineering programs. »

2.1 ELECTRIC POWER SYSTEM DESCRIPTION

A complete electric power system consists of generation, transmission, and distribution
subsystems as shown, highly simplified, in Fig. 2-4.

The generator subsystem for fossil fuel plants is composed of a boiler, heaters, a
turbine-generator, a condenser, and various power control equipment. The transmission
and distribution subsystems consist of cables, transformers, circuit breakers, and trans-
mission lines. This study was limited to assessing the QA&R practlces applied to the
electric power generation subsystem.
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Figure 2-5 presents a generalized schematic of an elementary fossil energy electric
power generating subsystem. A partial list of the components and parts that make up
this subsystem is given in Table 2-1. As indicated in Fig. 2-5 and Table 2-1, the generat-
ing subsystem is extremely complex, having a large number of different components and

parts.

must operate.

Its availability depends on the reliability and maintainability of the individual
components and parts.

As the size and complexity of the generating subsystem in-
creases, the reliability of each component and part must increase. Achieving high relia-
bility is extremely difficult in view of the hostile environments in which the power plants

; P Super . »
Boiler Lot tar Turbine Generator
Feed
Water Pump Deaerator Pump Condenser
Heater

Figure 2-5. Electric Power Generating Subsystem

Electric
Power

Tabhle 2-1. ELECTRIC POWER GENERATING COMPONENTS AND PARTS

(Partial List)

Boiler Turbine Generator Miscellaneous
tubes gears stator coils scrubbers
heaters governors lube system transformers
economizer valves seals switchgear
fans nozzles rotor windings pumps
dampers diaphragms exciter starter motors
valves and piping shaft stator core condensers
stack wheels or spindles voltage regulator conveyers
boiler controls buckets or blades collector rings controllers
cyclones lube system bearings transmitters
pulverizers gaskets gaskets gauges
blowers cylinders generator controls manometers
pumps piping switches
compressors gears feeders
precipitators bearings flowmeters
burners pumps

turbine controls

10
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The physical environments of plant components are characterized by high temperatures
and pressures, vibrations, and working fluids and gases that contain corrosive and erosive
particulate matter that affects operation. The turbine-generator, for example, is
extremely sensitive to the conditions in which it operates. This component has proven to
be a major problem in large plants causing high repair costs and extended outage
periods. The turbine blade is subject to solid particle erosion, water induction, and
stress-corrosion fatigue. The generator is also subject to erosive and corrosive failures.
Although bearing failures, which are a leading cause of turbine-generator forced outages,
generally are attributed to inadequate design and lubrication systems, their failure
mechanisms are accelerated by plant operating and environmental stresses.

2.2 SYSTEM AVAILABILITY

The availability of electric power to meet load demands is a prime consideration in eval-
uating power generating systems. Availability engineering concepts and techniques are
applied to assess the performance of major components, to aid in the modification of
operating systems, and to help design new systems. Past experience, expressed as outage
frequency and duration, is used to identify availability-related deficiencies in hardware,
software, and personnel actions as well as to assess system availability. Corrective
actions that can achieve an availability goal, while considering potential savings and
costs, are identified through availability analyses. Controls that must be imposed to pre-
vent degradation during installation and operation and maintenance are also identified
through availability analyses. Availability engineering involves performing systematic
and highly disciplined efforts to set and achieve a quantitative availability goal at min-
imum cost. ~ :

2.2.1 Availability Indices (or Measures)

Availability, usually expressed as a percentage, is a figure that reflects the ability of an
itemm to meet its intended duty cycle. It is the percentage of time that an item is neither
forced nor scheduled out of service. Formulas used to analyze availability include:

Operating Availability = (AH/PH) x 100

AH - (EFOH + ESOH)
PH

x 100

Equivalent Availability

where

| FPOH x (si i
EFOH (equivalent forced outage hours) = x {size of reduction) ’

rated capacity

11
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and

. SPOH x (size of reduction)
ESOH (equivalent scheduled outage hours) =

rated capacity

Total generation in MW/h

Capacity Factor =

Forced Outage Rate =

Available Hours (AH)

Forced Outage Hours (FOH)

Forced Partial Qutage
Hours (FPOH)

Maintenance Outage
Hours (MOH)

Period Hours (PH)

Planned Outage Hours
(POH)

Reserve Shutdown
Hours (RSH)

-Maximum Dependable
Capacity (MDC)

x 100 ,

PH x MDC

OH

—_—— X
SH + FOH

100 .

Availability parameters are defined as follows:

The time in hours during which a unit or major
equipment is available.

The time in hours during which a unit or major
equipment was unavailable due to a forced
outage

The time in hours during which a unit or major
unit or major piece of equipment is unavailable
for full load due to a forced partial outage.

The time in hours during which a unit or major
piece of equipment is unavailable due to a
maintenance outage.

The clock hours in the period under
consideration. '

The time in hours during which a unit or major
piece of equipment is unavailable due to a
planned outage.

Reserve shutdown duration in hours

The dependable main-unit capacity in winter,
or summer, whichever is smaller.

12
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Scheduled Partial = The time in hours during which a unit or major
Outage in Hours (SPOH) piece of equipment is unavailable for full load
due to a scheduled partial outage.

The total number of hours the unit was
actually operated with breakers closed to
the station bus.

Service Hours (SH)

These equations and parameters have been defined and used by NERC/EEI in their avail-
ability data reporting system.

Analyses are performed, in general, by the utilities to estimate values for
system/component availability (operating and equivalent) and capacity factor. The
operating and outage experience found in the utilities' internal data banks and/or NERC's
availability data reporting system are used as input to the analyses. These analyses
account for frequency, duration, and effect.on output power of the major outages and the
various modes of operation. An availability model is developed as part of the analysis
that allows combining the various outage rates and other parameters associated with
each of the subsystems and components that constitute a power generating unit.

Many utilities also use a loss of load probability (LOLP) criterion in analyzing power
plant availability. LOLP represents the expected number of days for a given time period
during which system load may exceed available generating capacity within the system.

. LOLP accounts for installed capability relative to peak annual load and is especially
useful for power plant planning and component design trade-off studies because it is sen-
sitive to the sizes and outage rates of the individual generating units, the annual load
profile, maintenance scheduling, and load forecast derivations. A one-day loss of load in
ten years is the generally accepted industry standard.

2.2.2 System and Component Outages

The availability of a power generating system is a direct result of both planned and
forced outages. The result is that the total power required at any particular time may
not be available and must be produced by other, perhaps less economical, units in the
plant or purchased at higher cost from neighboring systems.

- 2.2.2.1 Planned Outages

Planned outages include normal maintenance, inspections, and equipment overhauls at
specified time intervals. Typically, planned maintenance (PM) procedures and schedules

“are. recommended by the manufacturer and followed at the discretion of the utility
depending on their own experience and judgment to guide PM priorities. These planned
outages generally follow a pattern of increasing complexity, depending on the operating
times accumulated by the unit. For example, four principal areas of inspection for a gas
turbine unit include:

13
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o Service Inspection—General operating condition is inspected including automatic
controls, gas turbines, and associated equipment. Usually performed monthly.

e Combustion Inspection—Includes entire combustion chamber and some portions of
the hot gas path. Usually performed quarterly.

e Hot Gas Path Inspection—May require removing turbine cover for detailed
inspection of turbine blading. Stops short of pulling the turbine rotor.

e Major Inspection—Includes all of the above aspects of maintenance with the
removal of the turbine rotor and complete bearing inspection.

The time required to complete each ranges from several hours for a combustion inspec-
tion to several weeks for a full turbine overhaul.

2.2.2.2 Forced Outage Rates

Forced outages occur when equipment malfunctions interrupt equipment usage during
normal operating periods. Forced outages include such things as emergency tripouts,
unscheduled shutdowns, and failure to start. Each piece of equipment or component in an
electric generating unit has an associated historical forced outage rate (FOR) that con-
tributes to total unavailability. Most large utilities implement a computerized data col-
lection and recovery system to provide historical FORs that reflect their specific operat-
ing experience and environmental characteristics. In addition, NERC collects and
publishes industry-wide generic FOR data (see Sec. 3.4). As previously indicated,
historical FORs and duration times are essential in computing and evaluating electric
power generating availability. FOR data provides-the utilities with a basis for assigning
priorities, conducting life-cycle cost/benefit studies, and implementing product/
component programs. Although FORs for power generating systems and components vary
widely with plant location and operational factors, the NERC data shows that across the
-industry, the turbine-generator and boiler account for about 90% of the forced outage
hours and all other components constitute the remaining 10%. This accounts for the
priority given by the utilities, manufacturers, and EPRI to improve the reliability of the
turbine-generator and boiler.

Electric-power generating units and components generally exhibit an increasing failure
(or forced outage) rate as they age, in contrast to electronic components, which exhibit
constant failure rates. Thus, with power generating units and components, it is benefi-
cial to inspect (using NDT techniques) for indications of failure as part of the overall
maintenance program. The intent is to reduce the frequency of forced outages and the
need for corrective maintenance by replacing components whose performance and phys-
ical attributes are beyond predetermined acceptance levels (derived from failure rate
studies) and would fail during use. A trade-off exists between preventive and corrective
maintenance, and cost/benefit analyses can be and frequently are performed to deter-
mine the optimum maintenance program.

2.2.3 Availability Improvement Approaches

Availability requirements or goals are met by reducing the frequency and duration of
outages. Table 2-2 lists some of the general design techniques that are considered in
reducing outages.

14
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Table 2-2. RELIABILITY AND MAINTAINABILITY IMPROVEMENT ATTRIBUTES

Reliability
(reduces outage frequency)

Select parts, components and equipment of proven rehablhty and durability.
Derate parts and components.
Use carefully designed-in redundancy where feasible and cost-effective.
Apply well planned and documented reliability testing, including rehablhty
growth, demonstration, and acceptance.
5. Apply effective rehablhty controls, disciplines, and provisions during
equipment/component development.
6. Specify adequate and consistent quality controls to ensure that the inherent
reliability is maintained during construction.
7. Perform ongoing monitoring of supplier activities to ensure adherence to
reliability and quality requirements. :
Analyze failures with rapid feedback for correction.
Redesign to simplify equipment and eliminate areas of unreliability.

h?él\)r—'

©w oo
P

Maintainability
(reduces outage duration)

1. Design to incorporate easily accessible and interchangeable components,
modules, assemblies, and equipment.
2. Provide automatic detection, location, and diagnostic features to the
maximum extent possible.
3. Provide features to increase ease of maintenance such as work platforms,
hoists, proper tools, ete.
Prov1de automatic scanning of selected measures of performance
Define areas for preventive maintenance based on failure trend data.
Determine maintenance load based on trend diagnostics and field outage
data.
7. Apply effective maintainability engineering analysis, controls, and provisions
during equipment/component development.
Perform carefully planned and documented maintainability tests.
Specify an effective maintenance environment in terms of lighting, temperature
and humidity control, odor and sound control, and cleanliness.
10. Prepare accurate, easy to read, and concise maintenance procedures.

[e2 IS Y - N

O
P
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Electric power plant equipment and components may fall into one of two categories:

e Large, expensive, hard-to-replace items, such as boilers, turbine-generators, and
condensers, that are customized to meet the requirements of the individual util-
ity and where much of the final fabrication is accomplished on-site during plant
construection ' '

e Small, numerous items, such as transformers, overload protectors, terminations,
cabling, valves, and various electronic control equipment, that are somewhat
standard and common to many power plants,

The category into which an item falls usually dictates how availability is controlled and
improved and how the frequency and duration of outages are reduced.

R&M engineering analysis and methods are used to predict the frequency of failure
(reliability) and the duration of the failures (maintainability) and to identify areas where
‘design improvements can be made most cost-effectively. Many analysis methods are
available; they differ in the level of part and component attribute data required for their
application. Figure 2-6 depicts some of these procedures and illustrates when they are
applied during the development of a power plant generating unit to meet (or improve)
availability goals. The figure shows that as the development program progresses, relia-
bility allocation, prediction, and availability analysis, as part of an overall iterated pro-
cess, are continually updated to reflect the more detailed level of hardware definition.
Reliability techniques appropriate to each level of design and some of the data necessary
to support the application of the particular technique are indicated.

- Unit Availability
Establish “m e Capacity Factor
Availability Goals 1 Init : ?Sr;tmg
Power Plant Level o FMEA
Model System | Generating o e o
s FTA tInit
® Alluvate Reliabilily
L ] R ¥ Subsystem | Reliability Prediction
Model ) . Level ¢ FOR
Subsystems Lﬁniler GL‘:::;:;’ K:aondenaer] o FMEA
Preliminary i T i | I T * ¢ @
. " Component R e
Design Review Foel Com- Turbine Lgvel Reliability Prediction
3 FOR
Feed ICombustor] ressor Bludes e
Component System p - e Failure Modes
Design : e FMEA
1 L I
L ‘ ‘ T Part
: tevel Paft Falure Hates
Part Liner Tubes Nozzle Vaives o Historical
Design istorica
e Estimated
Critical
Design Review q

FTA: Fault Tree Analysis
_ FOR: Forced Outage Rate
FMCA. Tailure Mode aind Cl{ects Analysis

Figure 2-6. Reliability/Availability Methodology
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SECTION 3.0
RESULTS OF THE STUDY

The QA&R efforts practiced by the electric power generating industry are driven by the
need to reduce costs. Efforts focus on increasing productivity by reducing plant down-
time and offsetting rising costs. The QA&R programs generally include minimum stan-
dards of quality and reliability in the purchase, construction, and operation and mainte-
nance of the facilities.

QA&R responsibilities and activities are broad, covering a wide range, but for analysis
purposes may be considered to fall within the major areas shown in Table 3-1. This chart
was developed from information collected from organizations (particularly utility
companies) contacted during the study that were active in quality assurance and
reliability. :

Table 3-1. QUALITY ASSURANCE AND RELIABILITY PROGRAM ACTIVITIES

Manufacturing Audit and Surveillance: On-going audits and surveillances that ensure the
adequacy of QA programs

Standards, Specifications, and Guidelines: formal documents that aid in procuring new (or
replacement) units or components

Life-Cycle Cost Benefit Analysis: Support costs as well as initial costs considered in
evaluating the effectiveness of an item, process, or requirement

Reliability Indoctrination and Training: Formal training in the application of basic QA&R
tasks -

Availability Assessment and Analysis: Analytical methods that evaluate availability
based on system modeling (R&M, LOLP, capacity factors, ete.) using historical data
forced/planned outage rates

Quality Engineering: Organized efforts that assure that manufactured equipment,
components, and materials are in compliance with specified requirements

Reliability Engineering: Support designed by performing systematic and timely
management and engineering activities (prediction, FMEA, design review, ete.) to ensure
reliability ‘ '

Failure Analysis: The determination of root causes of operational failures for f eedback to
design for corrective action

Data Recovery and Feedback (internal): O&M data collected for feedback to
management and design

17
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All organizations contacted implement efforts that ensure the quality and reliability of
the power generating units and equipment. The formality, scope, and rigor of the pro-
gram vary greatly with each organization and its functional responsibility. In general,
the industry (as shown in Table 3-1) emphasizes problem resolution. It performs audits
and quality engineering activities and analyzes and corrects operational failures and
maintenance problems as they arise. The more advanced organizations, in terms of
reliability, are adopting a preventive approach and are implementing a full and
comprehensive QA&R program that includes developing standards, specifications, and
guidelines; performing availability assessments, reliability predictions, design review,
Failure Mode and Effect Analysis- (FMEA), and Fault Tree Analysis (FTA); conducting
formal reliability training; auditing and surveying supplier programs; analyzing failed
components; and conducting quality engineering activities. Some of the reliability
activities have been initiated on a formal basis only within the past two to three years.
Many organizations operate an internal, dedicated reliability data recovery and feedback
system as well as participating in NERC's industry-wide generic data collection and
feedback system. Most of the organizations contacted maintain a formal quality
assurance (or quality engineering) function; approximately haif also maintain a separate
reliability organization, while a fairly small percentage maintains a combined reliability
and quality function. Staff sizes range from a few to over 200, with the majority
assigned to quality assurance activities.

Sections 3.1 through 3.5 characterize the QA&R efforts practiced by utilities, architec-
tural engineering firms, manufacturers, electric power industry trade associations, and
DOE, based on information attained from interviews, telephone calls, and mailings con-
ducted during the course of this study. Brief descriptions of techniques considered
particularly applicable to the PV reliability program are presented.

3.1 UTILITY QA&R PRACTICES

Audits and surveillances of manufacturer's QA&R programs are performed by most util-
ities. Many utilities consider this the most effective activity for identifying and correct-
ing problems prior to product acceptance. Various techniques have been developed and
implemented for performing manufacturing audits and surveillances. For example, the
Bonneville Power Administration (BPA) has developed a detailed quality assurance report
that they use to survey their contractors. This report provides for a complete evaluation
of a contractor's ability to perform. It provides criteria for determining the adequacy of
quality assurance elements including receiving inspection, fabrication control, process
control, drawing control, inspection and test procedures, noncontorming material
records, information feedback, etec., and leads to a complete contractor evaluation pro-
file. The report provides preaward surveys as well as follow-up factory surveillance.
BPA's report form and specifications covering its overall quality program requirements
are given in Appendix C,

Standards and guidelines used as aids in determining consistent and cost-effective QA&R
specifications for procuring generating units and components (new or replacement) are
prepared as a formal activity by approximately half the utilities sampled. Procurement
specifications generally include QA requirements, controls, and provisions. Although a
few of the utilities specify reliability requirements and control provisions, quantitative
reliability requirements are normally not (or not extensively) included in procurement
specifications. Many utilities have developed quality standards for contractors that they
incorporate into their procurement specifications (e.g., BPA—see Appendix C).
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Consolidated Edison has developed specific QA requirements for their manufacturers
based on Military Specification MIL-Q-9858.* A matrix (see Appendix D) is used to
delineate four separate levels of quality assurance effort required of their supplier.
These levels of effort are specified as: Levels A, B, C, and D. Level A, the highest level
of effort required, is normally used for those components requiring a special quality
assurance plan covering design, manufacturing, and inspection quality control. Level D,
the lowest level, covers the great majority of standard, noncomplex articles where
in-process and end-product inspections provide adequate assurance of quality. In this
case, inspection control alone is specified. Levels B and C are intended for intermediate
levels of QA effort. Level E, a fifth level which is not covered by a specification, is
intended for equipment and supplies that do not require a formal quality assurance
effort. Specific definitions for each of the levels are given in Table 3-2.

Ontario Hydro has developed a similiar matrix for structuring reliability programs. The
equipment is classified in terms of criticality, maturity of design, operational experi-
ence, and experience with the manufacturer; the level of reliability programs are applied
accordingly (see Table 3-3). They also include a reliability (and maintainability) clause in
their technical specifications (Walters 1979). The clause reflects the reliability level
that matches the equipment class, criticality, and experience factors, and it provides
specific quantitative and qualitative reliability requirements and program documentation
and acceptance requirements (see Table 3-3). A description of these requirements is
given in Table 3-4.

Life-cycle cost (LCC) benefit analyses are performed by several utilities to compare
competing designs or perform design trade-offs for new procurements or to evaluate the
effect of changes to existing systems or components. BPA, for example, is applying LCC
analysis for overall cost-effectiveness to determine the extent and level of reliability to
specify during procurement (Vanderzanden 1980). This concept (see Fig. 3-1) allows early
quantitative trade-off analyses between initial acquisition cost and recurring support
cost to determine the desired degree of performance reliability (and maintainability).
The intent is to determine the value of reliability that would minimize total LCC and
then incorporate that value directly (or indirectly through required qualitative design
features or attributes) into the hardware procurement specification or possibly to use as
the basis for establishing a warranty agreement.

Figure 3-2 illustrates (conceptually) the LCC trade-off concept. The figure shows that
as equipment is made more reliable (all other factors held constant), the support cost will
decrease since there are fewer failures. At the same time, initial cost must be increased
to attain the improved reliability. At a given point, the amount of money spent on
increasing reliability will result in exactly that same amount saved in support cost. This
point represents the reliability for which total cost is minimal. Consequently, reliability
can be viewed as an investimment for which the return is a substantial reduction of support
cost.

Figure 3-2 also shows that a reliability improvement profit incentive exists if a warranty
is incorporated into the contract where the manufacturer provides repair and replace-
ment of failed equipment for a specified period at a fixed price.

*MIL-Q-9858, "Quality Program Requirements," is the basic standard for planning quality
programs for Department of Defense development and production contraets. It outlines
provisions to ensure appropriate levels of quality over the development and production

cycle through effective management action.
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Table 3-2. QUALITY CONTROL LEVEL DEFINITIONS

Level A

A piece of machinery, equipment, structure, or part thereof whose design is such that a-
significant extension of the state of the art will be necessary to produce the item. Such
items will require extensive design work and a special quality assurance effort.
Therefore, Level A requires quality assurance controls in the design area as well as
manufacturing, procurement, and inspection control. A specifically tailored quality
assurance plan is also required to ensure that adequate quality control measures are
utilized in areas where a state-of-the-art extension is needed to develop and
manufacture the equipment. An example of the type of equipment requiring Level A
quality assurance effort is a generator having a rating significantly larger than
. generators previously built or a turbine whose final stage blade height is larger than
previously provided for utility power generation applications.

Level B

A piece of machinery, equipment, structure, or part thereof whose design is such that a
significant design effort will be necessary to produce the item. Therefore, control of
design activities is required along with procurement, manufacturing, and inspection
control. The plant-wide quality assurance program is specified in this case since the
equipment would be similar to equipment previously produced by the seller and a
tailor-made plan would not be required. An example of the type of equipment requiring
Level B quality assurance effort is a substation transformer where the size, rating, or
physical restrictions require extensive design.

Level C

A piece of machinery, equipment, structure, or part thereof that is the seller's standard
product and is of sufficient complexity to merit quality control of manufacturing
procurement and inspection functions using the seller's plant-wide quality assurance
program. An example of the type of equipment requiring Level C quality assurance
effort is a standard design boiler teed pump.

Level D

A piece of machinery, equipment, structure, or part thereof that is the seller's standard
product and is simple in nature and can be inspected and tested during and at the
completion of manufacture. Therefore, Level D requires inspection control only in
accordance with the seller's standard inspection plan. An example of the type of
equipment requiring Level D quality assurance effort is the transmission line insulator
where final testing can verify acceptable quality.

Level E

Equipment and supplies that do not warrant a formal quality assurance effort.

Source: Consolidated Edison (1972).
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Table 3-3. ONTARIO HYDRO RELIABILITY PROGRAM MATRIX

Program Description

Equipment Class*

[

2

-3

1.0

2.0

3.0

4.0

Program management

1.1  Organization

1.2 R&M program plan
1.3 R&M program review
1.4 Reliability training

Program elements

2.1 General

2.2 Design description, specification

and requirements
2.3 Data collection—field experience
feedback

Reliability analysis

Reliability prediction

Maintainability

2.6.1 Maintainability design

2.6.2 Maintenance monitoring

2.6.3 Maintenance strategy
Including role of service,
organization, spare parts
provisioning and manuals

7 Human errors

.8 Design reviews

9

1

DN DN B
« o o
(=230, I -

. Standardization of design practice
.10 Decisions

1 Test program and purpose
.2 Measurement
3 Data

Program evaluation
4.1 Initial evaluation
4.2 Continual evaluation

> B B> B B BB BB

> > >

>

WWw wWw > W www
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*Equipm ent Class

1 - Major
2 - Rotating

3 - Stationary

Depth of R&M Activities

Level

A. Extensive application, well developed separate function

B. Application done selectively .on areas identified as weak

or critical

C. More limited and selective than level B

Source: R, J. Walters (1979),
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‘Table 3-4. ONTARIO HYDRO RELIABILITY AND MAINTAINABILITY
SPECIFICATION REQUIREMENTS

Quantitative and qualitative R&M requirements. These include quantitative
requirements for Availability A, starting Reliability R, and running reliability R,.

Qualitative requirements for those features that are definite requirements.
R&M program requirements. The essential elements of an R&M program are:

Corrective action program

Failure analysis and predictions
Maintenance and maintainability analysis
Design reviews

R&M test programs

Standardization

Spare parts program and service organization

Subcontractor program and control

The elements required in the program depend on the maturity of the equipment
design, operational experience with the equipment, and familiarity of the designer
with the supplier and equipment. Less maturity, less operational experience, and less
familiarity of the designer with the equipment, will necessitate a more extensive
program.

Data/document required. Information required of the (prospective) supplier before
and after the award of contract should be specified herein. Typically, the following
information should be submitted with the tender: relevant operational experience;
description of supplier's R&M program; prediction of parameters such as A, R, and
R, for the tendered equipment; recommended preventive maintenance schedule;
recommended spare parts; and a deseription of the supplier's service organization and
its capabilities.

Information that the supplier is to supply after the award of contract should include
the following: R&M program schedule, showing Key milestones like design reviews,
failure analysis, reliability tests, etc.; documentation of failure analysis and
prediction; design review input and output packages; recommended maintenance
schedule; spare parts list; test plans; test results; and operation and maintenance
(O&M) manual that includes a trouble-shooting guide, etc.

Acceptance test requirement. Requirements for test  to .demonstrate R&M
performance such as starting reliability and running reliability should be specified.

Source: T.J. Ravishankar (1980). See Bibliography.
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Although the utilities generally conduct O&M training programs, only a few of the utili-
ties contacted currently conduct formal indoctrination and training in the application of
basic reliability and quality assurance tasks. Consolidated Edison is one of the utilities
that stresses reliability training. They have developed a comprehensive reliability, avail-
ability, and maintainability (RAM) engineering training program. The program covers the
fundamentals of RAM including definition of terms, reliability statistics, system effec-
tiveness, design review, specification, LCC analysis, FTA, failure mode and effect analy-
sis, and failure analysis. Training material, including three volumes of text material,
reference papers, definitions, illustrations, and examples, has been prepared and is used
for the training course. The course is conducted on a regular basis and is given to engi-
neers, QA&R personnel, O&M personnel, management, and others who are active or are
interested in reliability.

It should be noted that organizations that conduct QA&R training also appear to adopt a
more preventive approach to assuring reliability and, consequently, these organizations
also perform activities such as reliability prediction, FMEA, and L.CC benefit analysis, as
well as incorporating reliability requirements into their basic procurement specifications.

The availability of electric power to meet load demands is continually assessed and
analyzed by most utilities. Availability analyses are based on system outage rates
(forced and planned) compiled by the utilities and supplemented with industry-wide data
from NERC. These assessments provide an effective and viable basis to correct and
improve the plant/system. Other analyses performed by many utilities during the design
and development of new systems/components assess availability based on system reliabil-
ity prior to actual plant operation. These analyses use generic historical data at the
component level derived from the utilities internal and/or NERC data collection
systems. They assess reliability (at start-up as well as when running) and identify prob-
lems during development when corrective changes can be implemented most cost-effec-
tively. These predictive efforts provide inputs for budgeting program activities, develop-
ing LCC estimates, and performing LCC benefit studies. Standard reliability prediction
techniques and other reliability analyses, including FMEA, FTA, and design review
adapted from aerospace programs, are performed during system planning and design and
during plant construction to ensure reliability. Florida Power and Light (FP&L), for
example, has developed an overall reliability method (called an input-output model) that
incorporates prediction, FMEA/FTA, and other techniques that are applied to new power
generating equipment (Zagursky and Pillar 1980). Application of this procedure starts at
early design planning and ends with the preparation of operation and maintenance
procedures. Figure 3-3 shows the model and describes the activities.

Several utilities have established formal failure analysis programs to determine the root
cause of failure. In general, the analysis is supplementary to that performed by the man-
ufacturers. Manufacturers generally provide an analysis of equipment that was repaired
and replaced. Utilities, many times working with the manufacturers and outside failure
analysis labs, perform detailed analysis that leads to improved equipment or component
design based on failure trends.

Failure analysis is initiated by identifying trends, patterns, or problem areas through con-
tinuous assessment and evaluation of equipment/component reliability performance. As
indicated in Table 3-1, most utilities have internal data recovery and feedback systems.
The objectives of these systems are to continually assess the availability of the
generating units and their major equipment and components and, as previously indicated,
to provide information concerning failures, performance degradation, trends, patterns, or
potential problems so corrective action can be initiated. EEI/NERC definitions are
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Determine Availability Requirements
(Goals) — Base on economics and
consideration of actual availability
achieved under similar conditions.

Monitor External Forces — Regulatory
requirements may dictate plant avail-
ability goals.

Prepare Allocation Model — Construct

-model consistent with data available

and design stage.

Allocate Goals — Allocate system goal
to sub-elements.

Process Data — Data used as predictive
input in subsequent analyses.

Industry Data — Compiled from various
sources such as NERC/EEI, NPRDS,
and Institute of Electrical and
Electronic Engineers.

Vendor Data — Used preferentially
when they can be verified.

Plant Data — Information on Product
performance in the O&M environment.

System Failure Analysis (FMEA/FTA) —
Identify the effects of possible failures,
faults, or mistakes.

System Reliability Assessment —
Combine the allocation model and
system failure analysis to provide a
means for predicting R.

Identify Problem Areas (critical items
list) — Base on failure analyses and
numerical predictions.

Conduct Critical Item Reviews —
Review periodically.

9.

10.

11.

12.

13.

11

13

Develop Corrective Action — Develop
Corrective action plan based on in-
formation derived during the critical
item reviews.

Implement Corrective Action — In-
crease availability by changing one
or more of the following: '

e Hardware

- Component/system service equip-
ment reliability

- Maintainability/accessibility
- Spares/redundancy
e Software

installation/start-up/test pro-
cedures

Maintenance schedules
Repair and overhaul procedures

Inspection intervals and instruc-
tions

e Personnel
- Skill levels and training
- Motivation

Reliable System Design — Changes in
design configuration components must
be fully documented.

Reliability Requirements in Procure-
ment Specifications — Write to ensure
that procured equipment can meet its
availability goal in terms of its R&M
ability characteristics. Wherever pos-
sible, quantitative requirements should
be specified.

Improved O&M Procedures — Operator
error can dcfcat the best intentions
in engineering design.

Figure 3-3. Florida Power & Light Power Generating Reliability Input-Output
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generally used for data reporting and feedback. The basic failure data is reported from
each plant via failure reports completed by the plant operator.

FP&L, for example, is implementing a comprehensive data collection and feedback
system called Generation Equipment Management System (GEMS) (Vessely and Cowdrey
1980). GEMS translates a plant work order into various computer codes that provide
information as to plant unit, specific equipment involved, major and minor equipment
codes, action taken, manufacturers, reason/root cause codes, outage hours, power
curtailed (in MW), man-hours spent in repair, materials and their costs, and contractor
cost. These data have provided an essential starting point for improvement efforts.
GEMS was established in 1971 and tied to work orders in 1972. This system currently has
over 350,000 records in its data base and routinely issues over 1,200 reports annually on
request plus hundreds of routine reports.

Failure (or defect) reports have been designed to reflect the characteristies and potential
failure modes of the major equipment and components used in the generating units. Con-
solidated Edison has developed individual and highly detalled forms [or each of the major
components and pieces of equipment that make up an electric power generating system;
others have developed geneti¢ forms ecommon to all equipment and components.

Various methods are used to report data. Figure 3-4 shows the form used by FP&L in
reporting unit availability. Data analysis reports, such as FP&L's, provide information
that can be used for designing new units and equipment as well as establishing priorities
for reliability failure analysis projects, which identify root causes and establish correc-
tive or improvement programs. Many times only a few components or problem areas
account for most of a system's unavailability. Data collection and feedback identify
these critical components and problem areas.

3.2 ARCHITECT-ENGINEER FIRM QA&R PRACTICES

The architect-engineer (AE) firms address QA&R as an integral part of the plant design,
development, and facility construction process. QA&R efforts include establishing min-
imum requirements for quality and reliability in the engineering design documentation
and construction operations.

AE firms generally implement efforts to ensure that power plants and the generating
units and components are designed, developed, and constructed to meet the minimum
standards for quality and reliability. The formality, scope, and rigor of the programs
vary widely. Some firms develop a full and comprehensive program that includes manu-
facturer auditing and surveillance, training, availability analysis and LCC-benefit stud-
ies, failure analyses, and data recording and feedback. Others concentrate on availabil-
ity analyses, risk analysis, and cost trade-off studies. Most firms contacted emphasize
the selection and specification of quality material and components and the application of
controls and high quality workmanship during fabrication and construction. However,
they are increasingly concerned about reliability engineering and controls, particularly in
determining and incorporating cost-effective quantitative requirements into plant design
and specification documents. Those firms that stress reliability perform detailed relia-
bility, availability, and LCC trade-off studies to determine optimum design require-
ments. The trade-offs include:

e Reliability level versus LCC (initial cost versus support cost)
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These items are ranked in order of
the highest contributor to the unit's
availability loss for the current
period.

This- ranks the items according to
their projected economic impact on
the unit.

This number corresponds to the num-
ber shown in the REF. column of a

specific plant's Corrective Action
\ Status Report.
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The adverse trend projection is caleu-
lated only for those items whose fail-

Planned events/work are accounted
for on this line. While these may be
the major contributors to availahility
loss for the period, this report is
intended to highlight trouble items

which cause generation losses.

This graph shows the ratio of the tot-
al MWl availuble W Ue lutal MWhin
the period. It does NOT give credit
for outages that were worked under
reserve shutdown outages; it does
give credit for work requiring an
outage that is done under other
outages in the same time frame.

This graph indicates the reliability of
the unit by showing the average num-
ber of hours that the unit operated
between outages affecting unit capa-
bility (partial outages are included.

ure rate has not improved by 10% or
more from the previous period. The
failure rate of the current period is
divided into the projected running
time for the next 12 months (from
System Planning) to give the
expected number of failures. This is
multiplied by the mean time to repair
(for those failures) to give the pro-
jected MWh lost. These are multi-
plied by the cost of replacement
power to show the projected eco-
nomic impact of the event. This is
intended to show the minimum
expected economic impact of the
event if conditions remain the same.
If the failure rate for the projected
period increases over the failure rate
for the current period, the economic
impact could easily be much greater.

Figure 3-4. Florida P&L Unit Availability Report
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e Preventive maintenance versus corrective maintenance (planned outages versus
forced outages)

e Reliability design features and cost attributes
e - Maintenance design features and cost attributes
e Extent of reliability engineering and test program.

AE firms rely on availability data (such as that from EEI/NERC) to perform the
trade-offs and develop their plant designs.

Staff sizes range from a few in small organizations to over several hundred in the larger
firms with the emphases primarily on quality assurance and analysis techniques for
improving plant availability. Numerous technical articles have been prepared covering
"ava